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Summary
Objective: To examine the relationship between the severity of cartilage damage and the severity of meniscus damage after transection of
the anterior cruciate ligament (ACLT) in adult dogs.
Design: Data were obtained from 40 dogs which underwent ACLT and from three additional sham-operated dogs that were subjected to
arthrotomy but not ligament transection. Joint pathology was analysed 12, 24 or 32 weeks after surgery. The severity of damage to the
articular cartilage on the femoral condyle and tibial plateau was graded with a scoring system based on that of the Socie`te` Franc¸aise
d’Arthroscopie and meniscus damage was graded on a 0–4 scale.
Results: No damage to the meniscus or articular cartilage was observed 12 weeks after surgery in the dogs subjected only to arthrotomy.
In contrast, tears of the medial meniscus were observed in two of 10 (20%) dogs examined 12 weeks after ACLT. The incidence of severe
tears increased to 86% and 84% after 24 weeks and 32 weeks, respectively. Damage to the lateral meniscus was mild, with only 7.5% of
all dogs with a cruciate-deficient knee having a bucket handle or complete tear. Most of the unstable knees exhibited ulceration of the
articular cartilage of the femoral condyles and tibial plateaus 12 weeks (mean chondropathy score±standard deviation 11.9±8.5, N=10), 24
weeks (7.9±5.0, N=7), and 32 weeks (7.1±5.5, N=23) after ACLT. The mean chondropathy scores for the tibial plateaus were similar to
those for the femoral condyles. No correlation was apparent between the severity of cartilage damage and of meniscus damage for either
joint surface.
Conclusion: Damage to the medial meniscus is a consistent feature of the pathology which develops in the canine knee after ACLT, but the
severity of cartilage damage is not correlated with the severity of meniscal damage. © 2002 OsteoArthritis Research Society International
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The canine cruciate-deficiency model of osteoarthritis (OA)
has been used extensively to illuminate the progressive
changes of joint pathology and to evaluate the effects of
drugs on progression of joint damage in this disease1–6.
Most studies have focused on the changes in the articular
cartilage, although the subchondral bone, synovium, joint
capsule and meniscus are also involved in this OA
model—as they are in humans with knee OA. Numerous
studies in humans have indicated that the cruciate-deficient
knee tends to develop meniscus damage, and that both
factors increase the risk of OA7–14.
Changes in the synthesis by the meniscus of collagen
and aggrecan have been the focus of previous studies in
dogs with OA induced by anterior cruciate ligament
transection (ACLT)15–19, but the relationship between321meniscus damage and OA in this model has not been
studied previously. In this study, we have examined the
relationship between the severity of chondropathy, as
evaluated on the basis of the depth and area of articular
cartilage lesions, and the severity of meniscus damage, as
evaluated by the gross appearance of the menisci, in this
model.MethodsReceived 7 May 2001; revision requested 20 November 2001;
revision received 2 January 2002; accepted 15 January 2002.
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Large (<25 kg) male dogs of mixed breeds randomly
assigned to placebo-treated control groups from five differ-
ent clinical studies were subjected to ACLT of the left
knee3–4. In each case, the joint was entered through the
medial capsule, and the ligament was exposed and
transected. No special effort was made to control bleeding.
In three additional dogs, which served as sham-operated
controls, the ligament was exposed but not transected. The
dogs were observed daily during recovery to confirm that
wound healing progressed normally. During the first 2
weeks after surgery they were housed in indoor pens
(2.1×0.85 m), following which they were transferred to
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door) where, on 5 days of each week, they were permitted
to run and jump for 30 min a day in a larger fenced
enclosure (50 m×30 m) for the duration of the experiment
(a total of 12, 24 or 32 weeks after ACLT). Animal facility
personnel monitored each dog’s activity, to ensure that it
ran, jumped, and used the operated limb.
SCORING OF JOINT DAMAGE
At the time of euthanasia, both knee joints of each dog
were dissected and photographed, and the morphological
changes of OA on the femoral condyles, tibial plateaus, and
lateral and medial menisci of the unstable knee were
graded using the scoring systems described below. In each
case, a pair of observers who were unaware of the exper-
imental group to which the animal had been assigned
(active treatment or placebo), determined femoral condyle
and tibial plateau chondropathy and the extent of gross
meniscus damage. As noted above, all of the dogs included
in this study were from placebo treatment groups of other
studies.
Damage to the femoral condyle surface was scored
using a system based on that of the Socie`te` Franc¸aise
d’Arthroscopie20. Each articular cartilage lesion on the
femoral condyle was graded on a scale of 1–4, where
1=roughening and discoloration, 2=pitting and surface
fibrillation, 3=ulceration to the bone, and 4=eburnation.
The lesions were measured and the area of the lesion was
calculated. The surface area of each femoral condyle was
measured from a digitized image, and the area of each
lesion was expressed as a percentage of the total area. A
lesion score was determined from the product of the
percentage of the area involved in the lesion and a factor
based on the grade of the lesion, with grade 1=0.14, grade
2=0.34, grade 3=0.65, and grade 4=1.03,20. All lesion
scores were summed to yield a femoral condyle score3. On
this scale, complete cartilage loss from the femoral con-
dyles would yield a score of 100, while partial thickness
ulcerations over the entire surface would result in a score of
34. Typically, 32 weeks after ACLT the scores range from
less than 4, indicating small and/or mild lesions, to more
than 25, indicating large lesions including significant
ulceration.
Damage on the tibial plateau for the dogs examined 24
weeks and 32 weeks after ACLT was graded similarly. The
data and photographs collected from the dogs examined 12
weeks after ACLT were not sufficiently detailed to permitgrading of the tibial plateau defects, so data from these
dogs are not reported or used in the analysis of the tibial
chondropathy scores.
Damage to the medial and lateral meniscus was graded
on a scale of 0 to 4, with 0=normal, 1=longitudinal surface
striations, 2=longitudinal surface tears, 3=penetrating
longitudinal tears producing a loose piece of tissue
attached at both ends (a bucket handle tear), and 4=trans-
verse tears producing a loose tissue flap, fibrillation of the
entire meniscus, or absence of the meniscus.STATISTICS
Scores were ranked and compared using non-
parametric statistics—the Wilcoxon rank-sum test to com-
pare groups, and the Spearman rank-order correlation
coefficient to identify relationships between scores.ResultsTable I
Meniscus damage in the canine knee following anterior cruciate ligament transection
Treatment Duration
after
surgery
Normal
(Grade 0)
Surface
striations
(Grade 1)
Surface
tears
(Grade 2)
Bucket
handle tears
(Grade 3)
Transverse
tears
(Grade 4)
Medial meniscus
Sham-ACLT 12 weeks 3/3 0/3 0/3 0/3 0/3
ACLT 12 weeks 5/10 2/10 1/10 1/10 1/10
ACLT 24 weeks 1/7 0/7 0/7 3/7 3/7
ACLT 32 weeks 2/23 2/23 0/23 10/23 9/23
Lateral meniscus
Sham-ACLT 12 weeks 3/3 0/3 0/3 0/3 0/3
ACLT 12 weeks 7/10 2/10 0/10 1/10 0/10
ACLT 24 weeks 2/7 3/7 1/7 1/7 0/7
ACLT 32 weeks 10/23 10/23 2/23 1/23 0/23MENISCUS DAMAGE
Damage to the medial meniscus in the unstable knee
was observed 12 weeks, 24 weeks and 32 weeks after
ACLT (Table I, Figs 1 and 2). No damage was observed in
the medial or lateral meniscus of the 3 sham-operated dogs
analysed 12 weeks after surgery, but of the 40 cruciate-
deficient knees in this study, 75% developed grade 3 or
grade 4 damage to the medial meniscus. In grade 4
damage, the meniscus exhibited multiple bucket handle
tears (Fig. 1) or was torn transversely to produce a loose
flap [Fig. 2(c),(d)]. Menisci with a single bucket handle tear
[Fig. 2(b)] which penetrated the full-thickness of the body of
the meniscus, but left the horns of the meniscus intact,
were assigned a grade of 3.
The frequency of medial meniscus tears increased with
the duration of knee instability. After 12 weeks, 20% (2/10)
of the dogs had a severe tear (grade 3 or 4) of the medial
meniscus, and 30% (3/10) exhibited only mild damage,
while the medial meniscus was normal in 50% (5/10).
However, most dogs whose knees were examined 24
weeks (N=7) or 32 weeks (N=23) after ACLT had incurred
severe damage to the medial meniscus, with a bucket
handle or transverse tear in 83% (25/30) of the OA knees.
The lateral meniscus was not damaged as frequently or
as severely as the medial meniscus. No lateral meniscus
exhibited a grade 4 defect. Twelve weeks after ACLT, 10%
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meniscus. In the groups examined 24 weeks or 32 weeks
after ACLT, only 6.7% (2/30) of the unstable knees exhib-
ited a full-thickness lateral meniscus tear, 53% (16/30)
exhibited only surface striations or superficial tears of the
lateral meniscus and 40% (12/30) exhibited no damage to
the lateral meniscus.FEMORAL CONDYLE DAMAGE
Twelve weeks after the sham procedure, no damage of
articular cartilage of the operated knee was apparent. In
contrast, in the dogs analysed 12 weeks after ACLT, the
chondropathy score was 11.9± 8.6 (N=10), with lesions
extending to bone in 5 of 10 knees. Among dogs examined
24 weeks after ACLT, the mean score was 7.9±5.0 (N=7),
with lesions extending to the underlying bone in 4 of 7
knees, while in those studied at 32 weeks after ACLT, the
femoral condyle chondropathy scores averaged 7.1±5.5
(N=23), with lesions extending to the bone in 14 of 23
knees. Significant marginal osteophytes were present in
every unstable knee.TIBIAL PLATEAU DAMAGE
Tibial plateau chondropathy was present in all but one
knee examined 24 weeks (13.8±6.1, N=7) or 32 weeks
(14.2±5.6, N=23) after ACLT, with scores ranging from
0–22.8 and damage characterized by full-thickness ulcers
and large areas of surface roughening. Furthermore, the
tibial plateaus had undergone extensive remodeling, with
prominent osteophytes apparent at the posterior lip of the
medial plateau. Full-thickness ulcers, extending to the
subchondral bone, were noted in 52% (12/23) of the dogs
studied at 32 weeks, and lesions which involved the entire
surface of the plateau that was not covered by meniscus
were common.Fig. 1. Canine knee tissues 32 weeks after ACLT, providing a comparison of the patella, synovium and menisci of the OA knee (on left of
photograph) and stable contralateral knee (on right of photograph). The body of the medial meniscus (MM) in the OA knee was fibrillated and
soft, and exhibited multiple bucket handle tears (grade 4), while the lateral meniscus (LM) exhibited a surface longitudinal tear in the body
of the meniscus (grade 2), indicated by the thin arrow. Large osteophytes (bold arrow) were present on the medial margin of the patella (P)
of the OA knee, which also had developed a partial thickness ulceration of the articular cartilage. The synovium of the OA knee was
hyperemic, with villus proliferation. The patella and synovium in the contralateral knee were normal.CORRELATION OF CARTILAGE DAMAGE WITH MENISCUS DAMAGE
Although meniscus damage existed 12 weeks after
ACLT, and the frequency and severity of damage were
increased 24 weeks and 32 weeks after ACLT, the severity
of damage to the meniscus was not correlated with the
severity of damage to articular cartilage of either the
324 G. N. Smith et al.: Medial meniscus in canine OAfemoral condyle (rs=0.05, P=0.8) (Fig. 3) or tibial plateau(rs=0.03, P=0.9) (Fig. 4).Fig. 2. Meniscus damage in knee tissues removed 32 weeks after ACLT. The medial meniscus is on the right in each panel. (a)=medial
meniscus with superficial striations(grade 1). (b)=medial meniscus with a displaced bucket handle tear (grade 3). (c)=medial meniscus with
a small flap generated by a transverse tear near the posterior horn and a short longitudinal tear (grade 4). (d)=meniscus with a full-length
flap produced by a transverse tear of the posterior horn and a longitudinal tear extending to the anterior horn (grade 4).Fig. 3. Lack of correlation between severity of femoral condyle
chondropathy and severity of medial meniscus damage. Chon-
dropathy scores for the femoral condyles were ranked from 1 to 40
in order of increasing severity and were plotted against the medial
meniscus scores. The Spearman correlation coefficient for these
data sets is 0.05, P=0.8, indicating no correlation between them.
Fig. 4. Lack of correlation between severity of tibial plateau
chondropathy and severity of medial meniscus damage. Chon-
dropathy scores for the tibial plateaus 24 or 32 weeks after ACLT
were ranked from 1 to 30, in order of increasing severity, and were
plotted against the medial meniscus scores. The Spearman corre-
lation coefficient is 0.03, with a P-value of 0.9, indicating nocorrelation between these datasets.Discussion
Studies of knees of humans with OA indicate that
although meniscus and cartilage damage may be concur-
rent, there are numerous cases in which only one of these
tissues is damaged, at least as judged macroscopically.
Post mortem studies of human knees revealed the menisci
to be intact in many OA knees, and no spatial correlationexisted between damaged menisci and cartilage defects7.
A subsequent arthroscopic study yielded similar results8. In
a recent study of more than 1700 human knees examined
arthroscopically because of joint pain, a strong correlation
was noted between the presence of meniscus damage and
articular cartilage damage13. However, knees with cruciate
ligament deficiency were excluded from that study so that
the correlation observed was valid only for relatively stable
knees.
Studies in animal models of OA have shown meniscus
damage in the unstable knee after ACLT. In the current
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feature of the joint pathology which developed in the canine
knee after ACLT; within 6 months after ligament transection
the medial meniscus was torn in most of the unstable knees
(Table I). However, tearing of the meniscus to the extent
that the lesion was visible on gross examination did not
always occur before the articular cartilage had developed
visible ulcerations, and the relative severity of cartilage
damage was not correlated with the severity of meniscus
damage. Notably, of 12 dogs with very mild medial menis-
cus damage (grade 0 or 1), 5 had relatively severe cartilage
defects on the femoral condyles, while the severity of
cartilage damage in 27 dogs with either a bucket handle or
transverse tear of the medial meniscus varied greatly (Figs
3 and 4). In contrast, damage to the lateral meniscus was
mild in nearly every knee.
These studies suggest that tearing of the medial menis-
cus and ulceration of articular cartilage are both conse-
quences of knee instability. The anterior cruciate ligament-
deficient canine knee develops roughening and pitting of
the articular cartilage on the femoral condyles within 6
weeks after ACLT21, but progression to full-thickness carti-
lage loss is not seen for more than 40 months after
ACLT22,23. In the present study, the medial meniscus of the
unstable knee was torn in six of seven dogs 24 weeks after
ACLT and in 20 of 23 dogs studied 32 weeks after ACLT. In
a previous study we showed that medial and lateral menis-
cus damage could be clearly identified by magnetic reso-
nance imaging 36 months after ACLT. Severe damage to
the medial meniscus was confirmed in these dogs also by
gross observation when they were examined post mortem
54 months after ACLT22,23. Clearly, by the time progressive
loss of articular cartilage occurs in this canine model of OA,
severe medial meniscus damage will have been present in
most knees for years.
Although gross damage to the medial meniscus did not
precede gross damage to the articular cartilage in the
present study, early histological and biochemical changes
have been identified in the menisci of dogs15,16 and rab-
bits24,25 relatively soon after ACLT. In menisci from beagles
studied at intervals from 1 week to 18 months after ACLT,
increased PG synthesis, decreased PG content, and
increased water content were noted as early as 1 week
after ACLT15. In the same dogs, changes in histology and
ultrastructure, including cellular degeneration, disorienta-
tion of the collagen fibers and increased spacing between
fibers, were clearly evident 1 month after ACLT16. Notably,
these histological and biochemical changes resolved within
15 months after ACLT, suggesting some recovery, although
too few animals were examined to provide confidence that
this observation was statistically significant.
In contrast to the findings in dogs, meniscus damage
in the rabbit apparently develops more rapidly than
articular cartilage damage after ACLT. In a study by Helio
LeGraverand et al.24,25, eight of 12 unstable knees exhib-
ited a bucket handle or longitudinal tear of the medial
meniscus 3 weeks after ACLT and, by 8 weeks after ACLT,
each of the 12 cruciate-deficient rabbit knees exhibited a
transverse or bucket handle tear of the medial meniscus. In
six cases selected for analysis, an increase, relative to
control tissues, in the expression of message for the
structural macromolecules COL1, COL2, COL3, aggrecan,
and biglycan was noted in medial menisci 3 and 8 weeks
after ACLT. Similarly, MMP-1, TIMP-1, PAI-1, iNOS, COX-2,
and TGF expression was increased in medial menisci
from the unstable knees, while expression of message for
MMP-3, TNF-, and IGF-2 in the medial meniscus wasdecreased or unchanged relative to control. Cellularity and
vascularity of the meniscus had increased in each of the
6 cases selected for histologic evaluation 3 weeks and
8 weeks after ACLT. No scores for gross cartilage changes
or biochemical or histologic data for the cartilage were
reported in this study, but overt fibrillation of the articular
cartilage was not observed.
In summary, our study in the canine ACLT model of OA
suggests that gross cartilage damage occurs before gross
meniscus damage, whereas gross meniscus damage may
be the primary event in ACL-deficient rabbits. Notably, our
study employed assessment of gross damage for both
tissues, rather than methods designed to detect early
changes in the tissues. The rabbit studies employed gross
assessment of cartilage damage, but utilized methods
designed to determine very early changes in the meniscus,
such as analysis of expression of message for specific
molecules. It is likely that both articular cartilage and
meniscus exhibit changes immediately after ACLT in both
of these OA models, and that cartilage loss and meniscus
damage are independent consequences of joint instability.References
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